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I NTRODUCTION
In the early 1990s when the rest of the world was transitioning to the new knowledge-based economy, Rwanda was struggling with a civil war that culminated in the 1994 genocide that impoverished even more of its population and destroyed its fragile economic base. The team that took over the country quickly managed to restore a socio-political normal climate and to connect their country to the world driven Information and Communication Technologies (ICTs) by launching Internet in 1996, nearly two years after the genocide.
Like in many African countries, Internet was launched in Rwanda by a state-owned national telecommunications company with a foreign aid. The telephone company held a monopoly situation in the provision of Internet services for few years which saw a very slow growth of the percentage of people in Rwanda using the Internet with only 0.06% in 2000. It opened up to a limited competition with academic institutions after pressures and finally gave it up totally to an open competition with the private sector in 2004 leading to an Internet usage growth of 11 % in 2010 and 8% in 2011 [31] . Atypical of most African countries, the Government of Rwanda (GoR) quickly recognized the importance of Internet value as a potential development enabler and incorporated it in its national strategic plan for development to bring Internet access closer to the people. The development of Internet in this country picked up some speed in 2004 with the installation of an Internet Exchange Point (IXP) that saw especially International Internet and telephone connection rates dropping and the start of the e government project in 2006.
Internet growth in Rwanda has been hindered by a nwnber of factors such as; poor resource mobilisation, unrealistic implementation plans, shortage of qualified and experienced hwnan resources to support the growth, minuscule private sector, the lower level of private sector involvement, very strict government regulations on the Telecommunication companies and the low Internet usage awareness. The main purpose of this paper was to examine Internet diffusion in Rwanda and make policy recommendations on how to improve the level of internet diffusion in Rwanda.
The [mdings and policy recommendations of this paper will be beneficial to the Government of Rwanda to improve Internet penetration and move towards achieving their Vision 2020. The determinants of the current Internet penetration in Rwanda will be instrumental in other national studies in providing insights for the understanding of enabling factors and limitations that shape Internet state in a particular country. The paper will also contribute towards knowledge on Internet diffusion and will be instrumental to other researchers in a similar area of study.
A. Economy

II.
LITERATURE REVIEW
The Economy of Rwanda is mainly characterized by its foreign dependency in almost every sector. Its exports stand at USD293 million against USD1.307 billion for imports with a huge deficit of USDl.014 billion [44] . This is due to limited natural resources, energy shortages, the highest population density in Africa coupled with a fairly high population growth rate (2.751%), a very high percentage of the population living below poverty line (60%), a very high percentage of the population engaged in subsistence agriculture (90%), a food production pace way below the population growth pace, the landlocked nature of the country, poor transportation linkage to other countries, and above all the 1994 genocide which scared investors.
The GoR has implemented deliberate efforts to improve "science and technology education and ICT skills" through their Vision 2020 [36] . The Rwandan Government is vying to become the "The Singapore of Africa" by becoming the African high-tech hub [6] . Telecommunications infrastructure has been developed to facilitate this and increase the penetration of Internet access. Due to reforms such as online registration of business, she has become the 9 th easiest place to start a business in the world and the 6 th most competitive economy in Africa, [43] .
GoR is planning to have internet access at all administrative levels, all secondary schools and many primary schools. The ICT plan also includes having widespread telephone and Internet services in rural areas and improved e-government. The Nations Conference on Trade and Development (UNCT AD) cited Rwanda as East Africa's Number one ICT nation with an ICT budget equivalent to the 30 rich nations of the Organisation of Economic Cooperation and Development (OECD) [11] and [22] .
The country is also on the brink of finalizing a top range business establishment known as the Special Economic Zone (SEZ) in her capital city Kigali that is expected to attract sectoral investment including in ICT [44] . Part of the SEZ was opened for use this year, 2012 [41] . As stated by [14] the decision to invest in ICT for a company is highly dependent on the general business environment of the country. Telecommunications Network started in 1930 with one  wireless telegraph station (TSF), and grew in early 1990s to  twenty-six telegraph stations, twelve automated telephone  switchboard centers, one telex centre for connections  between Rwanda and the rest of the world via telex,  telegraph, and telephone and two earth stations for satellite  communications including one Intelsat and one Symphony  [1 ] .
B. Networks in Rwanda
On January 3, 1993 Rwandatel was founded by the government to manage the telecommunications network and for a long time was the only Telecommunication Company (Telco) licensed to operate in the country. According to National Information and Communications Infrastructure (NICI) report of 2006, Rwanda had a total of 8,000 telephone lines before the 1994 war, but had most of its telecommunications infrastructure destroyed during war. The infrastructure was rehabilitated and expanded, resulting in an installed capacity by 1998 of about 20,000 lines with equipment capacity of 26,000.
In 1996, following a Memorandum of Agreement signed by the GoR and the USAID Leland Initiative, Rwandatel launched the Internet in Rwanda and became the first and only Internet Service Provider (lSP) till 2004 when the Government privatized it and also liberalized the telecommunication sector. The Internet access and penetration grew at a very slow rate due to the situation of monopoly of Rwandatel and the dial-up access method that was used. Another factor impeding the growth of Internet penetration is the low disposable income of most of the population in the country to afford the purchase of computers and accessories especially in the rural settings [35] . However, MTN; a Telco has reduced the price of computers in order to increase affordability.
In 1998, the GoR recognized the role that ICTs can play in accelerating the socio-economic development of Rwanda towards an information-rich and knowledge-based economy and came up with a document on Information and Communication Technology for Development (lCT4D) policy. A framework for the development of an ICT sector was developed by the GoR that resulted in the first ever ICT4D policy for Rwanda that was adopted in 2000 by the cabinet. The ICT policy for Rwanda outlines the vision and strategies to achieve that goal [25] .
The main mission for the ICT4D policy in Rwanda is: "To achieve a middle income status for Rwanda by 2020 and transform its society and economy into an information-rich, knowledge-based society and economy by modernizing its key sectors using information and communication technologies". The ICT policy was then incorporated in each of the four NICI plans which were part of the Rwanda Vision 2020, a 20-year-time-span socio-economic plan to develop Rwanda into a middle income economy by year 2020 [1] . The elevation of ICT at the country strategic level coupled with the commitment of top level government officials, presages for a better future for Internet in Rwanda.
In 1999, the Kigali Institute of Science and Technology (KIST) and the National University of Rwanda (NUR), the two most prestigious institutions of higher education, were awarded open licenses to provide unlimited Internet services to their faculty, staff and students. This came after another help from the USAID Leland initiative which donated them Very Small Aperture Terminal (VSA T) systems with high speed Internet.
In January 2002, the Rwanda Information Technology Authority (RITA) was established to facilitate national and sectoral ICT strategies. In 2003, the Rwanda Utilities Regulatory Agency (RURA) was established with authority over several market sectors including energy, transportation, communications and waste management. From a policy perspective, the founding of RITA and RURA was significant because the GoR Rwandatel, which provided fixed-line telephone services as well as Internet connectivity. Until the creation of RURA in 2003 the Ministry of Telecommunication was responsible for issuing new licenses for all telecommunications services.
In July 2004, with the commissioning of Rwanda Internet Exchange Point (RINEX), Rwanda took a major step in the development of Internet. The IXP plays a crucial role in Internet access and penetration as it keeps Internet communications local by allowing ISPs to communicate between them. Therefore it lowered the costs, decreased the latency and improved the quality of Internet services.
Rwanda bought broadband capacity from SEACOM in September 2009 to dig fibre optic and by 2010; the fibre optic had reached Gatuna I [35] . SEACOM is a private company that operates submarine fibre optic cable linking communication carriers in Southern and Eastern Africa and was the first company to provide broadband in East Africa. The East African Cable System (EASSy) also provides fibre optic connection within Eastern and Southern Africa to the rest of the world. The third submarine fibre optic cable system that Rwanda relies on is the East African Marine System (TEAMS). Rwanda partners with TEAMS to provide broadband services. As a result of these cable systems, via high speed Internet, Rwanda was ranked 4 th in Africa in March 2012 and the 103 rd position globally with an average speed of 3.03 Mbps [19] .
C.
Telecommunication Companies in Rwanda
Rwandatel was the first telecommunications service provider in 1993. Rwandatel (99.9% government-owned at the time) was the national fixed telecommunications service provider and also the sole ISP at the time. Rwandatel in 2008 ventured into the mobile market and was the first to introduce 3G networks, in the process attracting over 100,000 subscribers in less than 2 months. This increased the competition in Telco in Rwanda and was the birth of mobile Internet (through handheld computers). By the end of 2010, Rwandatel had 306,706 mobile subscribers [29] and 28,653 fixed telephone subscribers [31] . The company's operation license was however rescinded on April, 5 2011 by RURA over poor coverage, poor quality service and failure to make the planned investment targets and only continued to provide fixed telephony and internet access [29] .
MTN Rwandacell, a South African company (partly government-owned at the time), was the first cellular I A town at the Rwandan border provider operating a Global System for Mobile communication (GSM) mobile network and was given an operating license in 1998 [16] . According to [31] . Terracom relied on wireless Internet through the use of fiber optics and the provision of broadband services and installed some 120 miles more fiber optic cables around the country to bring Internet and broadband services to a total of more than 150 locations in Rwanda. However, due to non compliance, failure to achieve license obligations and failure to provide information, the GoR reacquired Rwandatel in 2006 [40] and resold to LAP Green networks of Libya. Presently Rwanda has only three companies offering wireless connection; MTN Rwandacell, Millicom (Rwanda) Tigo and Bharti Airtel.
III. METHODOLODY
We use a qualitative research design using the framework and methodology described by [45] to assess internet diffusion in Rwanda. Internet diffusion in over 40 countries since 1997 has been studied within this framework using this methodology. The framework examines Internet diffusion along six dimensions: Pervasiveness, Geographical Dispersion, Sectoral Absorption, Connectivity Infrastructure, Organizational Infrastructure, and Sophistication of Use. These can broadly be categorised into two general facets; the extent in which the Internet is used (connectivity and organizational infrastructure, and sophistication of use) and stretch of usage (geographic dispersion, pervasiveness and sectoral absorption) [3] . This method was selected because telecommunications infrastructure development takes place over a long period of time and is multifaceted. Data were elicited mainly from Government agencies press reports, policy documents, other studies, Newspaper articles and Internet based sources. The results were thereby presented using a Kiviat graph.
IV. DISCUSSION OF FINDINGS AND ANAL YTICAL FRAMEWORK DIMENSIONS
The results are presented using a Kiviat graph to show the levels reached for the various dimensions by Rwanda. 
Kiviat Diagram showing the GDI Dimensions
A. Pervasiveness
Pervasiveness is a measure based on users per capita and the degree to which non-technicians are using the Internet in order to measure the number of Internet users in a country [21] . In 2000, the number of subscribers was over 1000 and was growing gradually. As of 2002, Rwanda was ranked 160 th in total number of Internet users with 25,000 users. The chart below indicates major growth since the Internet was first introduced. Source: [30] and [3 11 The chart indicates a significant growth since the Internet was fIrst introduced to Rwanda. There is a sharp increase from 2005 to 2010 with an 8900% increase of Internet users between 2008 and 2010 [43] . Rwanda also has the highest VSAT density in Africa [13] . This might be attributed to government policy towards ICT and subsequent awareness programmes coupled with subsidies on ICT equipment. Also the operationalisation of RINEX coupled with the liberalization of the telecommunication sector led to lower costs of usage hence increase in number of subscribers. However the mobile telephone and internet diffusion slightly dropped in 2011 mainly as a consequence of invalidating Rwandatel's mobile license by RURA [39] . Consequently, much as Rwanda had attained the Level 4 (Pervasive) in 2010, she now attains Level 3 (Common) with the ratio of Internet users per capita is on the order of magnitude of at least one in a hundred (1 % or greater), This conclusion may be crude as one subscriber may have more than one user for example a company employing 100 employees may be considered as one subscriber and yet it has one hundred users, Also, it is difficult to accurately get the number of Internet users because people access the Internet in different ways while some people share Internet accounts [45]. 
Level I EmbryoniC:
The ratio of users per capita is on the order of magnitude of less than one thousand (less than 0, I %) ,
Level 2 Established:
The ratio of Internet users per capita is on the order of magnitude of at least one in a thousand (0 , I % or greater),
Level 3
Common: The ratio of Internet users per capita is on the order of magnitude of at least one in a hundred (I % or greater).
Level 4 Pervasive:
The Internet is pervasive, The ratio of Internet users per capita is on the order of magnitude of at least one in ten (10% or greater),
B. Connectivity Infrastructure
The connectivity infrastructure dimension assesses the connectivity and access capacity of an internet infrastructure. It comprises of the aggregate bandwidth of the domestic backbone(s) and of the international IP links, the number and type of inter-connection exchanges, and the type and sophistication of local access methods being used The Rwanda Ministry of ICT (May 10, 2011), announced the plan to construct a country wide fibre optic backbone infrastructure. The ministry aims to have all the 30 districts in the country interconnected via fibre optic. The Kigali Metropolitan Network (which comprises of 97 government sites, at least 227 sites for schools, hospitals, police stations and networks) will be connected to the backbone.
Rwanda has a total domestic backbone fibre optic cable length of 2,300KM by EASSy as of March 2011 [35] , with Rwandatel SA having 29.5Km for Kigali Metro link, 23l.2 for up-country link and 98 Km for access while MTN Rwandacell has 200KM of fiber optic for Kigali Metro and 108.5 M for up-country [35] . Terracom communications Ltd had over 140 Km broadband backbone fibre network including a Kigali ring and a national backbone link connecting Kigali, Gitarama and Butare among others. Artel Communications has installed so far VSA T network covering 30 districts throughout the country mostly in rural districts. By 2008, Artel had installed over 250 VSA T in the rural areas [17] . Rwandan Academic and Research Network project is ongoing and currently the NUR and KIST are interconnected by a 128Kbps link. They share local traffic through the RINEX. Also 39 schools are interconnected via a wireless network that is being used for data and internet traffic including VolP applications.
Based on the above figures, it can be seen that Rwanda has at the present domestic backbone of about 300 Mbps [8] and international links of l.244 Gbps [23] and [33] with one internet exchange (RINEX). Internet access is however also done via 3G Modems and hotspots. Rwanda therefore falls under Level 3 (Broad) Connectivity infrastructure. Rwanda has insufficient international bandwidth primarily arising from the landlocked nature of the country. The country has as a result to rely on neigbhouring countries for connectivity, increasing the connectivity costs which can easily jeopardise information security and business continuity.
All international traffic from and to Rwanda goes through satellite. The table below shows the distribution of the 266.5 Mbps international bandwidth capacity among the operational ISPs. [24] and [17] 3) Internet Exchanges The
4) Access Methods
The access method used in the early days of Internet in 1996 was the dial-up through a modem. In 1999, KIST and NUR received VSAT systems and ISPs have been licensed and started providing Internet access through the VSA T system locally. In 2001, Artel started offering Internet access in remote and rural areas through VSA T system too. In 2004, after acquiring 99% of Rwandatel capital, Terracom launched Internet wireless access through fiber optic cables. Hotspots and 3G modems are also used to access Internet [43] . By 2010, the country had approximately 40 Broadband VSA T companies operationalised.
C.
Organizational Infrastructure
The organizational infrastructure dimension measures the strength of the Internet by assessing the level of competition and the existence of the organizations that support and promote the industry. This is on the assertion that the more the competition, the more and better the services offered by ISPs and ASPs [45] . Over the past couple of years, Rwanda has made significant progress in opening the telecommunications sector. The government sold 99% shares in the national telecommunications company Rwandatel to the IT services provider Terracom [42] . Extending to about 2,300 km, Rwanda has one of the largest fiber optic backbone coverage in the region. Trango Broadband Systems supported Terracom's wireless Internet network. The Trango radio system supplies Line of Sight communications through microwave units operating on a 5.3 and 5.8 GHz band scale.
Rwandatel and other Telecommunication companies have experienced serious competition, so Rwanda appears to be on the right track [20] .
Rwanda has six operational ISPs 
It therefore suffices to place Rwanda under Level 3 (Competiti ve) of organizational structure. This progress is mainly due to NICIIICT4D policy which GoR is implementing, liberalization of the telecommunication sector and a strong political will from the Government. 
Level I
Single: A single ISP has a monopoly in the Internet service provision market. The ISP is generally owned or significantly controlled by the government.
Level 2
Controlled: There are only a few TSPs and the market is closely controlled through high barriers to entry. All ISPs connect to the international Internet through a monopoly telecommunications service provider. The provision of domestic infrastructure is also a monopoly. 
D. Geographic Dispersion
The geographic spread of the Internet can be estimated by investigating how geographically isolated the Internet is through the Points of Presence (PoP) located in a Nation's regions. Rwanda is administratively divided into 30 districts, most of which have a rural set up. The Internet was first created in Rwanda's capital, Kigali and later spread to other districts. Most of the ISPs have concentrated in Kigali but others like New Artel have put emphasis on rural areas. New Artel was the first Rwandan-based company to provide Very Small Aperture Terminal (V SA T) services especially to rural areas (over 94% of the population reside in rural areas). Some of the key programmes that have been implemented to reduce geographic dispersion include;
1) Community Telecentres
The GoR instituted a program to have telecentres with at least 50 computers in each of the 30 districts in the country for accessing Internet and ICT training. As of July 2009, 12 telecentres had become operational, [26] . Now the GoR has one telecentre complete and operational in each of the country's 30 districts.
2) JCT Buses
An initiative of the eRwanda Project, the ICT bus acts as a mobile telecentre to help bridge the digital divide affecting the rural popUlation of Rwanda [26] .
3) Rwanda Communication Infrastructure Project
The World Bank is funding a USD 24 million project on the behest of the Ministry of ICT pioneered by Peter Silarzsky. This project aims at increasing the ubiquitous reach of broadband networks and lowering international broadband connectivity prices [31] . Due to this project, there were 2,660 people accessing the Internet via broadband with connection speed greater than 256Mbps as of March 2011 [27] . Non-Existent: At this level the Internet does not exist in a viable fo rm. There will be no computers with International TP connections. There may be some Internet users in the country, but they will obtain their connection via a telephone call to an ISP located outside the country.
4) Kigali ICT Park
Level l Single location:
The ratio of Internet users per capita will be less than one in a thousand. The growth of the Internet is still in its very early stages with only a few networks connected to an international IP network. The user community will be mainly technical people in the networking industry.
Level 2
Moderately dispersed: The number of Internet users per capita will be at least one in a thousand. The user group will have moved out of the networking community.
Level 3
Highly dispersed: The number of Internet users per capita will be at least one in a hundred. The necessary infrastructure will be established, but not on a wide scale.
Level 4
Nationwide: At this level the growth of the Internet will have diffused with Internet users per capita in the ratio of one in every ten. Internet access will be a common service.
The mtroductIOn of Telecommumty centres countrywIde at least to district level implies a high distribution level of the internet. Despite the ubiquitous spread of the Internet, only 8% of the population actually accesses the Internet [31] . This may be as a result of low awareness of Internet services especially in the rural areas. Given the almost free nature of the service and high level of maintenance by the donor community, Rwanda has been propelled to the Level 3 (highly dispersed internet).
E. Sectoral Absorption
The sectoral absorption dimension evaluates the extent of adoption of the Internet in a number of economic sectors. In many countries, the Internet was brought in through educational institutions, but in Rwanda, the Internet was introduced by a state-owned commercial company. In the early days of Internet in Rwanda, Rwandatel had the mandate to offer Internet services to the general public. However it did not because the Internet was not recognized as a main concern. Institutions such as RITA and NUR did not have the power or the fmancial resources to broaden the drive of the Internet.
1) Education Sector
A statistical analysis of ICT usage in the education reveals that about 51 % of private schools/institutions in Rwanda have internet access with just 17% having a website. Only 31 % of public schools have access to the Internet with 19% having a website. About 42% of staff working in private education institutions and 27% of staff working in public institutions have a computer at home. Of other types of institutions, 20% have access to internet with 12% of them having a website and 28% of their staff having a computer at home [17] . By 2007, out of 400 secondary schools, 39 (9.8%) of them had access to wireless internet connection [13] .
Rwanda in 2007 started implementing the "One Laptop Per Child" program aimed at ensuring that all pupils have laptops to bridge the digital divide [43] , making her the 3 rd country in Africa to implement that program. As of 2010, the Government had distributed 56,607 laptops to 113 schools. Other education initiatives include ICT teacher training, Science and Technology Scholarships, Schoolnet to advance Internet connectivity, RwEdNet to connect institutions of higher learning to other institutions worldwide and research networks, and the Rwanda Education Commons, an education portal. Over 1,200 primary schools are equipped with computers and more than 10% of the secondary schools now have access to wireless internet [11].
2) Health Sector
According to [17] 100% of the public health Institutions use computers with only 24% of these institutions having access to the internet while a meager 9% have a website. In the private sector, 100% of the institutions use computers with almost half (42%) using the internet and none having a website.
The NICI 2010 project promulgated telemedicine in the country with completed projects such as, OpenMRS; an Open Source Medical Records System used to facilitate nationwide tracking of patient data, TRACnet; a central pool and storage of clinic health information to enable tele treatment and Mobile E-Health; used to collect data for the OpenMRS. By 2010, 48 percent of the public sector and 34.5 percent of the private sector had a web presence [43] . Business Process Outsourcing (BPO) is on the increase mainly for IT industry for help desk services, desktop management, data centre services and on the spot support services. Other accomplishments are online trade information portals, business incubators, online tax calculators, land administration and management information system, credit reference bureau, Electronic case management system, online banking and E-transaction regulatory system, "E Soko" (an online exchange platform for accessing markets via mobile devices) and Agricultural Management Information System [43] .
3) Government and private sectors
The Government applies ICT in issuing National IDs and driving licenses, workflow management systems, E-Cabinet, Financial management Systems, E-Parliament, Human resource management system, document tracking Source: [17] The public sector has the highest percentage of Internet access and usage at 78% and the health sector having the lowest at 33%. The high internet usage in the public sector is mainly due to the mandatory government policy to allocate 5-10% of the budget to ICT development and use. All the sectors in Rwanda have attained 2 pOints (Medium); with the academic sector having 41 %, the health sector with 33%, the private sector with 74% and the public sector 78%, all of which fall between 10% -90%. All the sectors in Rwanda have internet connectivity between 33% -78% (Table 10 above). Referring to our GDI framework grading; we get a minimum sectoral score of two points per sector (see highlighted column in table 10). This gives a minimum sectoral point total of eight (8) for all the four sectors hence a sectoral absorption rating of Level 3 (common). Sectoral absorption especially in the commercial and public sector has been a bit slow because of information security issues. NICI III -2015 Plan is focusing on cyber security as one of the areas to be accomplished in this leg of the implementation plan. Another problem especially for Government is the limited interoperability of Government sectors. Government bodies are not interlinked making E Government not roll out to its fullest. 
Sophistication of Use
Sophistication of use entails an analysis of not only how many people use the Internet but how they use it [45] . The Internet usage should be innovative [21] .
Telecommunication companies in Rwanda are now battling to enable mobile money transfer (transferring money using mobile telephones). MTN Rwandacell first introduced the service in 2011 and since then, other telecommunication companies like Tigo have registered 260,000 subscribers [9] . MTN is in the process of making a deal to collaborate with Western Union Money Transfer to make the service span International borders. About 3.4 million mobile subscribers are also able to pay for utilities such as electricity and airtime via mobile telephones from anywhere [43] .
The country is banking on cloud computing which is mainly done at the data centres. The Government has also ensured ICT usage in the Education sector, with projects like the Education Management System (EMIS), establishing a national library network, and converting existing computer based training and e-learning content to Kinyarwanda [13] . All businesses within the country have been electronically registered to improve competitiveness [24] . This will in turn build on E-Commerce with services such as e-payments.
The NICI II Plan -2010 also developed the "E-Soko", a system that allows farmers to access markets through the marketing analysis information using mobile phones. The Air Traffic Management System is used to transform air travel. The Civil Aviation Authority of Rwanda can track air traffic using the system to make informed decisions. The Government sectors also use the "lmihigo"; participation and accountability system for projects used by Local Governments and communities to set project goals and track progress.
Individuals in Rwanda can access broadcast programming on the web rather than on radio or television. The adoption of social media pages like Facebook, Twitter, Linkedln among others are also on the increase. These social media pages are used for advertising and disseminating information both by individuals and organisations. The President of the Republic of Rwanda, Government Ministers and other public figures use social media to communicate with the population [15], [18] and [38] . Mailing groups have been formed to communicate across groups of people with a common interest. For example the lsonga mailing group is used to aid communication between Local authorities and the Central Government [38] . 
Level 3
None: The Internet is not used, except by a very small fr action of the population that logs into fo reign services.
Minimal:
The user community struggles to employ the Internet in conventional, mainstream applications.
Conventional:
The user community changes established practices somewhat in response to or in order to accommodate the technology, but few established processes are changed dramatically. The Internet is used as a substitute or straightforward enhancement for an existing process (e .g .• e mail vs. post). This is the first level at which we can say that the Internet has taken hold in a country.
Transforming: The use of the Internet by certain segments of users results in new applications. or significant changes in existing processes and practices. although these innovations may not necessarily stretch the boundaries of the technology's capabilities.
Level 4
innovating: Segments ofthe user community are discriminating and highly demanding. These segments are regularly applying. or seeking to apply. the Internet in innovative ways that push the capabilities of the technology. They play a significant role in driving the state-of-the-art and have a mutually beneficial and synergistic relationship with developers.
The table illustrates the different stages that reflect these increasing levels of sophistication in the use of the Internet [45] . Rwanda is seen to be on the Level 3 (Transformation). This is supported by the innovative ways they are using the Internet such as through Mobile Money applications that run on the Internet backbone and the digital libraries that have been created to support ICT in education. However, with the NICI III (2015) plan, the Government of Rwanda is massively embarking on ICT skills development with the main aim of increasing innovation in ICT, which may propel it to Level 4 upon the completion of the Vision 2020 program.
Categorising the sophistication of use of the Internet is usually generalised according to usage by just a few people [45] . It can also be classified according to usage by individuals and organisations to get a clearer picture. Basmg on the above sophIsticated usage of the Internet, individual use and organisational use of the Internet in Rwanda is at level 3 (Transformation). GoR has spearheaded a lot of the innovation in order to meet the Vision 2020 of a knowledge based economy and not only become a conswner of ICT but a developer.
V. CHALLENGES AND ENABLING F ACTORS TO INTERNET DIFFUSION
The Diffusion of the Internet in Rwanda has been one of the fasted in Africa. This has been attributed to the upper government will and support, national plan, fm ancial support from International Donor Agencies and liberalization of the Telecommunication sector. That notwithstanding, it has come the long way with various challenges, as has been with many African countries.
The NICI 2005 plan, as was with the subsequent plans had a major challenge of poor resource mobilization [12] and [24] . All civil and public sector departments as a government policy were to set aside 5-10% of their annual budgets as ICT budget. This policy however became difficult to implement due to the already tight budgets. NICI 2005 Plan was estimated to require USD500 million, of which the GoR was to contribute 46% of the funds and the remaining 54% to come from International Donor Agencies (lDAs), NGOs, private sector and other sources. GoR has continuously funded the ICT initiative and also solicited for more funds from various bilateral and multilateral donors like IDA and other NGOs.
Another notable challenge is the lack of expertise to implement ICT [24] . Some of the agencies have had difficulties in understanding their assigned plan activities [12] . The ICT awareness and usage is also low, though NICI 2015 Plan is set out to create awareness and train hwnan resource. The NICI 2015 Plan is focused on building innovativeness in ICT by developing expertise in ICTs. The "Achilles heel" of this strategy however is the inability of the GoR to retain the trained experts. There is a high turnover of experts who had been involved in the implementation, which in turn cripples the implementation pace.
Some of the targets set in the NICI plans are unrealistic and hence working more as a demotivator to the people implementing the projects. Rwanda is also faced with an energy problem, with only 13% of the population accessing electricity characterized with power outages [24] . ICT development and usage has a heavy reliance on electricity, therefore the lack of it has greatly negatively impacted on the Internet diffusion.
Internet access in Rwanda is expensive though the country is making a tum around with the introduction of fibre optic and WIBRO. However, International bandwidth is still inadequate, a problem of which is made worse by the landlocked nature of the country. The only IXP (RINEX) has improved on the International access though it still leaves a lot to be desired [24] . GoR is endeavoring to improve on the International bandwidth by partnering with other countries in programs like EASSy, TEAM and SEA COM aside from using VSA Ts.
Rwanda's private sector is still diminutive, especially in terms of ICT. The Government is trying to widen the sector through projects like the Kigali ICT Park and the Special Economic Zone (SEZ) that are expected to attract sectoral investment including in ICT [44] . The Government sectors work in seclusion making the development of e-Government an intricate matter. Vision 2020's ultimate goal is to convert Rwanda into knowledge based economy and develop e Government.
VI. POLICY RECOMMENDA nONS
Rwanda is on the right path to the Vision 2020, albeit with challenges. We give the following policy recommendations to leapfrog the journey to Vision 2020;
GoR should continue to attract more investors in the Telecommunication sector as competition in provision of Internet services has been found to have a corresponding positive effect on the number of Internet users [7] . Competition by the ISPs translates into lower Internet accessibility charges thereby increasing the number of users [4] . RURA should have favourable terms of operation for the Telecommunication Companies.
The political will by GoR to support ICT development should be used as an essential ingredient to foster E leadership in Rwanda.
According to [5] , virtual communication is becoming more important in organizations. The GoR should continue to encourage all levels of Government to adopt ICTs in communication. This, apart from facilitating easy communication will also go a long way in ensuring Internet usage and hence growth. [7] posited that perceived value of the Internet is one of the key ingredients for faster diffusion of the Internet.
Additionally, GoR should tap into the advantage accruing from the country's unilingual set up [4] . "Sharing a common language has a positive impact on the spread of Internet use" [4, p.5] . Speaking one language is beneficial for offering services like call centres, raising awareness of Internet availability and usage and promUlgating the various ICT projects. NICI III and NICI IV should therefore commit resources to transcribe more Internet content into their local language Kinyarwanda [7] .
GoR and Telecommunication Companies should focus on developing multiple mobile phone applications. The Telecommunication Companies can add onto the already existing mobile telephone applications like Mobile money transfer and mobile telephone bills payment to include services like mobile polling, marketing and many other areas.
The boom of social media networks also presents an opportunity for Rwanda to increase her Internet diffusion. Telecommunication Companies can "ensnare" subscribers by providing access to these social media networks at lower fees or no fees. The strategy is to get the population "hooked up" to the social media sites that will eventually translate into other Internet uses. More Private and Public sector entities such as tourism bodies, government departments and entertainment houses should also be persuaded to have a presence in these social media pages to increase their use both for leisure and business. Social media usage will marshal the population into increased Internet usage.
VII. CONCLUSION
The Internet has been used as a vehicle for economic development in many countries. This has not gone unnoticed by the GoR hence the upper political will to ensure Internet diffusion and ICT usage to elevate the country from an Agricultural-based country to a Knowledge-based country according the mediwn term Vision 2020 "Transforming from an agrarian to a knowledge-based economy ". This withstanding, the diffusion of the Internet in Rwanda has not been without any impediments like; poor resource mobilisation, unrealistic implementation plans, shortage of qualified and experienced human resources to support the growth, minuscule private sector, the lower level of private sector involvement, very strict government regulations on the Telecommunication companies and the low Internet usage awareness.
The main purpose of this study was to examine Internet diffusion in Rwanda. In order to achieve this, we used a qualitative research design using the GDI framework [45] . The data collected were from press reports, policy documents, other studies, news papers and Internet based sources.
The study showed that Rwanda has six ISPs with only 909,634 (8%) people in Rwanda having access to the Internet as of 2011. According to the dimensions of the framework; Pervasiveness was at Level 3 (Common), Geographical Dispersion was at Level 3 (Highly dispersed), Sectoral Absorption was at Level 3 (Common), Connectivity Infrastructure was at Level 3 (Broad), Organizational Infrastructure was at Level 3 (Competitive) and Sophistication of Use was at Level 3 (Transforming).
The researchers have identified the enabling factors for Internet diffusion in Rwanda as; the upper government will and support, national plan (Vision 2020), financial support from International Donor Agencies and liberalization of the Telecommunication sector.
Based upon the study findings, we have formulated a set of recommendations for the Government of Rwanda to hasten the transfer of the country to a knowledge-based economy in line with their Vision 2020.
VIII. CONTRIBUTION TO KNOWLEDGE
The GDI framework has been used to examine the diffusion of the Internet in over 40 countries. This paper has expanded the knowledge of the global diffusion of Internet with a focus on Rwanda.
This paper also will be resourceful to the Government of Rwanda to enable them have a clear understanding of where they currently stand according to the six dimensions and consider policy recommendations to move to a knowledge based economy. Other similar countries may also consider applicable policy recommendations. This paper also will be significant to other scholars and future researchers in GDI in other countries.
IX. FUTURE WORK
Further work should be done to extend the geographical scope of the study to other countries such as Burundi and South Sudan.
